Synthesis of process related impurities of Nafcillin Sodium 3, generated during the preparation of Nafcillin Sodium Bulk drug is described. The compounds were identified as ( 
Introduction
Nafcillin Sodium 3 is chemically designated as mono sodium (2S, 5R, 6R)-6-[ [2-ethoxy-1-naphthyl) carbonyl] amino]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo [3.2.0] heptane-2-carboxylate. Nafcillin Sodium is a semi synthetic penicillin antibiotic substance derived from 6-aminopenicillanic acid [1] [2] [3] [4] . Antibacterial agents of penicillin family have proved highly effective in the therapy of infections due to gram-positive bacteria, but most such agents suffer from the serious drawback of being ineffective against numerous resistant strains of pathogenic bacteria, particularly various staphylococci. Nafcillin Sodium is highly resistant to inactivation by staphylococci penicillanase and is active against penicillinase-producing and non-penicillinaseproducing strains of Staphylococcus aurous 5 and it is administered orally and by intramuscular and intravenous injection. The impurity profile of Nafcillin Sodium was not reported previously to the best of our knowledge. However, the degradation of nafcillin sodium in aqueous solution was discussed in the literature 6 . The preparation of all the contaminants has been necessary to prepare references for the method validation of bulk drugs and formulations. In order to have a high bench marking in quality and to meet various guidelines such as International Conference on Harmonization (ICH) and regulatory requirements it is imperative to identify impurities present in greater than 0.1% level.
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Results and Discussion
A convenient method was developed for the preparation of a penicillin antibacterial agent, Nafcillin Sodium with high purity. The procedure involves the acylation of 6-aminopenicillanic acid (6-APA) 2 with 2-ethoxy-1-naphthoyl chloride 1 in the presence of triethylamine. After completion of the reaction Nafcillin acid was extracted into methylene chloride by adjusting the pH to acidic. After acid base treatment Nafcillin acid was extracted into ethyl acetate. Thereafter, the corresponding sodium salt was isolated from the ethyl acetate solution by the addition of sodium 2-ethylhexanoate. (Scheme 1). During the analysis of various batches of Nafcillin Sodium bulk drug, five unknown impurities were detected in a level of 0.05-0.2%. These impurities were synthesized chemically and fully characterized. The main objective of the present invention is the synthesis of all the process related impurities present in Nafcillin Sodium, Active Pharmaceutical Ingredient (API). 
Scheme 1
It was found that Nafcillin sodium is very sensitive to water and it degrades to compound 4. This impurity has also increased during the stability studies. Therefore compound 4 has been identified as one of the potential impurities in Nafcillin Sodium. This impurity has been synthesized by hydrolyzing Nafcillin sodium at controlled pH by using inorganic base in 44% yield (Scheme 2). Similarly a more selective approach to compound 5 was performed by the decarboxylation of compound 4 with an acid in presence of mild reduced pressure (Scheme 2). 
Scheme 2
Sulfoxides are very common impurities in penicillin antibacterial compounds. The elimination of these impurities from the final product is very difficult as they have similar solubility properties as Nafcillin sodium has. The aerial oxidation of sulphur causes the formation of Nafcillin sulfoxide during the synthesis of compound 3. It was synthesized by the treatment of Nafcillin sodium with per acetic acid in 30% yield. (Scheme 3).
Scheme 3
Compound 8 is a structural isomer of Nafcillin sodium and is generated due to presence of 2-methoxy-1-naphthoyl chloride 7 as an impurity in the key raw material 2-ethoxy-1-naphthoyl chloride 1. A more convenient method has been reported here for the preparation of compound 8 by the acylation of compound 3 with 7 in 60% yield (Scheme 4). In the reported methods 8 the acylation reaction was carried out in chloroform and the sodium salt was isolated by the distillation of water under high vacuum. The main drawbacks of the reported methods are the use of chloroform, which is not recommended due to its hazardous properties. Similarly distillation of water is difficult and compound 8 is not stable in water. These draw backs led us to develop a new procedure for the synthesis of this compound. The reaction conditions are given in example 4 and the method is able to isolate compound 8 directly from the ethyl acetate solution with free of impurities. Finally compound 9 is a methyl ester of hydrolyzed beta lactam ring, formed during the preparation of Nafcillin sodium. It results from the alcoholic hydrolysis of compound 3 during the isolation of Nafcillin Sodium. The work-up was carried out in a mixture of ethyl acetate and methanol. It was found that the isolation of Nafcillin Sodium is not possible in the absence of methanol. Therefore, it is necessary to use methanol for getting uniform crystals of Nafcillin sodium, which enhances the rate of filtration and affords Nafcillin sodium in high purity. of (2RS, 4S)-2-[[[(2-ethoxy-1-naphthyl) Acetone was distilled off and the residue was dissolved in ethyl acetate (100 ml) and washed with water (100 ml). Organic layer was concentrated to 25 ml volume and allowed to settle for 15 h. The crystals obtained were filtered washed with pre-cooled ethyl acetate (5 ml) and dried under reduced pressure to afford 6 as white crystalline powder (3.5g, 30% C and continued the stirring for another 15 min at the same temperature. Water (25 ml) was added and lowers the pH to 3-3.5 with aqueous phosphoric acid (2.70 ml). Aqueous layer was separated and extracted with methylene chloride (25 ml). The combined organic extract was washed with water (50 ml). 5% w /w aqueous sodium bicarbonate (130 ml) was added to the organic layer. The aqueous layer was separated and diluted with ethyl acetate (200 ml) and adjusted the pH to 3-3.5 with phosphoric acid (7.3 ml) at 10-15 o C. The ethyl acetate layer was separated and dried over sodium sulfate to attain the water content less than 2% w/w. Methanol (10 ml) was added to the ethyl acetate solution followed by ethyl acetate solution of sodium 2-ethylhexanoate (7.4 g, 0.0445 mol) in 45 min at 20-30 o C. Thereafter continued the stirring for 30 min to complete the precipitation. The solid was filtered and washed with ethyl acetate (50 ml) and dried to yield 8 as white crystalline powder (11.1 g, 60% Thereafter, the reaction mixture was heated to 40-45 o C for 15 h. Methanol was distilled under reduced pressure to obtain the crude product. A portion of crude product (2 g) was purified by using preparative liquid chromatography to yield 9 as a white amorphous powder (0.6 g, 30% 
